Introduction
Geophysical data is often stored on magnetic tape, or a similar medium, as it is collected in the field. If this data is transfered directly to a computer via an electrical interface, processing time is reduced and typing errors eliminated. This report presents the logic diagrams and controlling software for an 8-bit parallel interface which is compatible with the Australian GEOEX SIROTEM, a time domain electromagnetic (IDEM) data collection system.
The SIROTEM measures and averages the transient earth response to a transmitted current pulse over 32 discrete time intervals.
The resultant data is stored on magnetic tape.
In the unmodified SIROTEM system, stored data can only be output to an internal printer (GEOEX SIROTEM II operation manual, 1980). With the interface described in this paper, data can be transfered from the SIROTEM to a computer with IEEE Standard 488-1978 compatible hardware. The software to control this interface card has been written in BASIC for a Hewlett-Packard 85 desktop computer equipped with the Plotter/Printer, Input/Output, Advanced Programming, and Matrix ROM's and Hewlett-Packard's implementation of the IEEE 488-1978 standard interface bus (the HP-IB).
SIROTEM to HP-85 Interface Logic
The IEEE 488-1978 compatible SIROTEM interface enables the transfer of data from the SIROTEM tape cassette to a remote computer and also provides for control of all SIROTEM tape movement functions.
A mix of TTL and CMOS logic was used in the design of this interface.
Power for the interface is provided by the SIROTEM +5 volt digital supply; the standby current drain is approximately 12 milliamperes. Figure 1 illustrates the tape motion control logic and the logic that initiates a data transfer from the SIROTEM tape cassette. Figure 2 depicts the logic used for temporary storage and formatting of SIROTEM data before it is transferred over the interface. The logic circuits in Figure 3 implement the fast handshake signal DAV (data available), the end of data on tape (EOI) signal (generated when blank tape is detected), and the logic used to inhibit the SIROTEM internal printer during a data transfer.
When an IEEE 488-1978 standard interface is connected from an external controller, such as the HP-85, to the SIROTEM, a hardwire jumper (Figure 1 , PRINT INH) disables the SIROTEM's internal printer and establishes the interface as the output device. A SIROTEM tape read cycle is started through the use of the HP-IB control lines REN (remote enable) and ATN (attention).
While ATN is held high, REN is__set low and then pulsed high. This sequence generates an INIT (initialize) signal into the interface (Figure 1 ) and instructs the SIROTEM microprocessor to transfer one file from the magnetic tape.
Twelve bit parallel data representing three BCD digits are read from the SIROTEM microprocessor (Figure 2 , BDXO-BDX11) to a series of parallel loaded, up/down counters (Figure 2, IC's 10-12) for temporary storage.
Since each BCD digit has a superfluous printer control 2° bit added to it by the SIROTEM software, each counter is decremented once to remove this bit. Data strobes (Figure 2 , DS3-DS7) are used to enter five sets of three BCD digits, which comprise one line of the SIROTEM printer output, into the storage devices for transfer over the interface. Next, the DAV control line on the interface is used to signal the computer that 8 bits of data are present on the data bus. After reading the bus, the computer sends the control NDAC (not data accepted) to the interface. This signal causes the next 8 bits of data to be formatted and reinitiates DAV to start the cycle over again. The timing diagram of Figure 2 shows the sequence of DAV and NDAC required to format three BCD digits (4 bits each) of the SIROTEM into two 8 bit words for transferal to the computer.
This sequence is repeated until either all data has been read from the SIROTEM tape or the computer stops sending the INIT signal.
The logic circuits to control the SIROTEM tape positioning functions are shown in Figure 1 .
Binary codes for each of the tape functions REWIND, ADVANCE, and REVERSE are sent on the HP-IB interface data lines to the SIROTEM interface by the controlling computer.
These codes are designated as command sequences by setting the control lines ATN and REN low and then pulsing REN high.
SIROTEM to HP-85 Interface Software
The program "RDTAPE" (Appendix I) provides the software commands necessary to control the SIROTEM to HP-85 interface card. This program provides for positioning of the SIROTEM tape via commands to rewind, advance, and reverse the tape.
It also enables the transfer of data from the SIROTEM tape to the HP-85 computer for error checks, decoding, formatting, and output to an HP-85 tape for later processing.
The transfer of data from the SIROTEM magnetic tape to the HP-85 is initiated by setting the HP-IB control line REN low with ATN high and then pulsing REN high. This sequence instructs the SIROTEM microprocessor to transfer one file from the magnetic tape. A fast handshake transfer is used to enter this data into HP-85 input buffers. Data is checked for errors in transmission.
If an error is found, the SIROTEM tape is reversed and read again (Note: if transmission errors occur more than four times for any given file, that file will be skipped).
The number of data records stored on each SIROTEM tape file depends on the number of time intervals selected (see GEOEX SIROTEM II operation manual, 1980, p.
62, for a description of the SIROTEM tape format). An end of file condition is recognized by a sequence of three spaces in the tape record containing the number of stacks and transmitter loop current. When this sequence is found, program control is passed to a routine to decode and format the data for output to an HP-85 tape. An end of data on tape condition will be recognized by the termination of the fast handshake transfer with EOI (an end or identify control line on the HP-IB) instead of a buffer full condition. The SIROTEM to HP-85 interface will generate an EOI when there is no valid data on the SIROTEM tape, a situation which occurs when blank tape is found.
If a SIROTEM tape has been overwritten, there may still be old data records on tape past the point where new data is stored.
In this case the program will keep on reading the tape until a blank area is reached.
Occasional checking of the program's progress or erasing SIROTEM tapes before field use should obviate the need for a more sophisticated recognition of an end of valid data on tape condition.
After a file has been read, the input data are decoded and further error checking occurs.
If formatting errors are found, the SIROTEM tape is reversed and read again.
It should be noted that formatting errors may be due to errors in transmission or to problems with the data as stored on the SIROTEM tape. The program will attempt to re-read a SIROTEM tape file a maximum of four times. Processing will continue if no errors are found or if the tape file is re-read more than four times.
At this step, the SIROTEM data is displayed and output to tape.
The lack of a full handshake capability in the SIROTEM's microprocessor and the speed at which data words are output from the SIROTEM to HP-85 interface requires the use of the fast handshake transfer instead of an interrupt transfer. This can cause problems if the fast handshake transfer is not terminated properly, in which case the HP-85 will "hang-up" and the keyboard will not function.
If such a problem occurs, the HP-85 should be turned off and processing restarted.
Before connecting the interface, both the SIROTEM and the HP-85 should be off.
After loading and starting the program, a cautionary note is displayed on the HP-85 CRT to make sure that SIROTEM data tapes are write protected before being read. Then the user is queried for a project title (32 characters maximum) and a date (8 characters maximum). This information is stored along with the SIROTEM data. Next, the special function keys of the HP-85 are used to allow the selection of program options. When pressed, these keys (as labeled on the HP-85 CRT) will execute the following subroutines:
REWoutputs a command to rewind the SIROTEM tape. A programmed wait of 10 seconds is used to allow this operation to complete.
FWD -
outputs a command to advance the SIROTEM tape one file.
A programmed wait of 5 seconds is used to allow this operation to complete.
REV -
outputs a command to reverse the SIROTEM tape one file.
A programmed wait of 5 seconds is used to allow this operation to complete. READ -initiates the subroutine which will read and process data from the SIROTEM tape. The user can read several or all files on the SIROTEM tape. Also, there is an option to store the data on an HP-85 tape for future processing. If data is stored, a Output file names appended file number format). TDEM data can be processed and displayed using Frischknecht, 1983. displayed and can be entering a response. SIROTEM header and output file name) are general file name must be entered, will consist of this name and an (see Figure 4 for HP-85 storage files created by the program "RDTAPE" apparent resistivities calculated and programs detailed in Raab and Defaults for the read options are selected by pressing end line without As each file is processed, the read information (e.g. errors noted, printed on the HP-85 printer. HELP -executes a subroutine which will print or display a brief help library explaining the basic operation of the program. 
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